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ABSTRACT 
A clinical study has been des\gned, the purpose of 
which 1s to evaluate the success rate and clinical course 
of teeth treated by the Sargenti method of root canal 
therapy. All teeth in the study were treated by methods 
outlined 1n the Sargent1 textbook. Over 60 cases have 
been treated and 4J of these have been exac1ned 6 months 
after treatment. This 1n1t1al group of cases 1s too small 
and the post-treatment period 1s too short for the results 
to be 1nd1cat1ve of a true success rate. However, much 
has been learned about the method nnd the post-operative 
course of patients treated by the method, 
be continued over a long period of time . 
The study 1s to 
Add1tlonnl cases 
will be treated and monitoring of completed cas ~s will con-
tinue, 
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The N-2 method of root canal therany was in t roduc-
ed by Sargenti and Richter (1) 1n 1954. In the pas t 
several years the Sargent1 technique has b een promot ed 
1n the United States and tha t promotion has gen eratei 
considerabl e interest 1n the me thod nnd ~atcri al . The 
N-2 me thod , a s outlined by Sargent1 in his most recent 
text, (2) is reput ed to be hi -:-hly successful, 0 r at1on-
al1zed", and less time consu~1n~ than other techniques 
for root canal therapy. 
There is considerable disagreement in the dental 
profess ion as to whether the N-2 method 1 s ~afe , ef-
ficacious, and pred ictably successful . This disa~r~e -
ment is between the proponents of the tec }~1-:!.que , ~'h se 
claims are bas 1cal1y e~plr1ca1 and the op1 one~ts of 
the method who qu es tion the b1olo~1c concepts of 
Sargenti and the h1~h success rates clai~e± by the 
proponents. The resolution of th e d bate ecomes in-
creasingly more complex because of the con tinued em -
p1ricis~ of Sargent1 and other proponents on one hand, 
and. the lack of any well controlled, lonp: ter!tl clinical 
studies u pon w·hich to base a n1or e scientific analysi s 
of th is method of treatment, on the other . 
!'.an y controversies concerning rr ethods of dental 
treat~ent have occurred over t he years . Naturally, 
with each debate there were opponents who believed 1n 
· -J-
the method they were advocating. With the compl etion of 
well designed research, many such debates were settled, 
and methods of treatment were adjusted accordingly. 
No such conclusion to the N-2 controversy has result-
ed from the literature published to date. Therefore, we 
have decided to initiate a thorough investi gat ion of the 





The purpose of this project 1s to initiate a lon~ 
term, well controll ed sc1cnt1f1c study which will en-
deavor to thoroughl y evaluate the Sar~enti me thod of 
root canal therapy and the N-2 (RC-2B) material. 
The major effort will involve the formulation of 
the design of this project, the treatment of a large 
number of cases by the Sargent1 method, and the evalua-
tion of the clinical course of these cases over a long 
period of time. The secondary effort will involve eval-
uation of some of the properties of the f1111n mater-
ial and some aspec~s of the method of treatment. 
This paper 1s the initiation of the project and 
will hopefully encourage the c ont1nuatio~ of the stu~y 
by additional investi gators. The primary purpose of 
each addition to the project should remain the treat-
ment of clinical cases by the N-2 method , and the per-
iodic examination of cases treated previously. The 
secondary effort of each addition should vary depend-
ing on the results obtained 1n preceeding investigations 
of the material and method. 
The ultimate goal of this study is to develop an 
accurate percentage of success for the cases treated 
and laboratory data from the evaluation of the material. 
Hopefully the data will be useful 1n analysing the rea-
sons for the success rates determined by the cl1n1cal 
study. 
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REVIEW OF THE LITERATURE 
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I. INTRODUCTION TO THE REVIEW OF THE LITERATURE 
This review includes a large portion of the available 
literature that deals with the Sargent1 method and mater-
ials. The claims made by Sargenti for his material are all 
encompassing as they relate to endodont1c treatment. There 
is no mention by Sargent1 1n h1s wr1t1ngs of endodontic 
problecs that do not f1nd their solution 1n the N-2 tech-
nique. Since the method 1s intended by 1ts originator for 
universal appl1cat1on, 1t requires thorough evaluation • 
. Such evalu~t1on has not yet been accomplished but studies 
which have evaluated the material and method 1n spec1f1c 
laboratory or cl1n1cal appl1cat1ons are available. 
For this reason, the literature review section of this 
paper has been categor1zed to present all available results 
dealing with a spec1f1c laboratory or cl1n1cal situation un-
der the same heading. Because of this categor1zat1on, the 
reader will notice that a spec1f1c article that applies un-
der more than one heading will be referred to more than 
once 1n the review. 
The reader should also be aware that much of the N-2 
literature has been publ1shed in foreign language Journals 
and that interpretation of these articles has often been 
done through abstracts. 
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II. TISSUE IMPLANTS WITH N-2 
For the cl1nic1an 1t 1s important, since most mater-
ials used 1n endodont1cs can cause inflammation and cell 
death when 1n contact with tissue, to have a scale of 1r-
r1tab111ty against which to judge the material he chooses 
to use 1n f1111ng root canals. Guttuso (J) believes that 
the m1croscopic examination of tissue responses to a 
material Tema1ns the best controlled sc1entif1c method 
available for determining relative compat1bil1ty. Sargent1 
(4) believ~s that N-2, containing paraformaldehyde, cannot 
be totally non-irritating to the per1apical tissue and 
that 1f 1t was so, 1t would be useless as a root canal f11-
11ng material. 
Several researchers have implanted N-2 f1111n g oater-
ial into animal tissue with mixed results. Sargent! and 
Richter (5) reported that N-2 does not cause any re ct1on 
when implanted into rat muscle or the subcutaneous tissue 
of the rabbit ear. Their observations were made at 2i 
and 4 months. Overdick (6). implanted N-2 intramuscularly 
into guinea pigs. After 2 to 9 weeks, a connective tissue 
capsule was formed and the material was well tolerated. 
Friend and Brown(?) placed N-2 1n sterile polyethe-
lene tubing 1n rabb1 ts. The specimens were 1.n pos1 t1on 
for varying lengths of t1me up to 12 months. They found 
the tissue reaction reached its maximum in 7 days, a fact 
-9-
not previously reported. They observed rapid resolution 
or the inflammatory response which by 4 weeks was only 
slight. A mild inflammatory reaction was still present at 
12 months. Feldman et. al. (8) implanted a test body (1mm. 
sphere) of N-2 1n the mandible of 10 rabbits. The mater-
ial was allowed to harden for 24 hours before implanting. 
They also implanted silver spheres in the other side of 
the mandible. After J months the specimens were retriev-
ed. In all animals, the capsule around the N-2 was thick-
er than that around the silver. The number of exudate 
cells· was greater around the N-2, but no tissue necrosis 
was found. 
Guttuso (9) implanted N-2 subcutaneously in rats. To 
gross observation on the 16th day the material had caused 
such severe responses that either an abcess was evident 
or the tissues had ulcerated. To microscopic examination 
the N-2 caused a severe reaction at 2, 16 and J2 days. 
According to Guttuso, the low tissue t .olerance of N-2 is 
• 
similar to that of other products containing paraformalde-
hyde. Rappaport et. al. (10) reported that their implants 
of N-2 elicited a severe inflammatory response w1th wide-
spread edema and necrosis in all histologic specimens. 
The Council on Dental Theraputics of the American Dental 
Association (11) reported severe irritation 1n all speci-
mens after N-2 was implanted in the muscle tissue of rats. 
Langeland et. al. ( 12) implanted ?l-2 1n sterile pol ye the-
-10-
lene tubing 1n 9 rats. The speo1mens were examined after 
14 to?? days and all showed severe 1nflammat1on 1n the 
tissue around the implant. Kuro1wa, (lJ) 1n a study s1m1lar 
to that or Overd1ck,found the encapsulation of the material 
by connective tissue to be poor. Keresztes1 (14) found 
N-2 and oopper amalgam to have the most unfavorable effect 
of 10 materials tested 1n animal implants. S1gns of resolu-
tion of the effect on the tissue after a longer period of 
time could not be observed. 
-11~ 
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III. PULP CAfFING WITH N-2 
Several studies have reported on the use of N-2 as 
a pulp capping agent. Sargent! (15) teaches that although 
the material ls not to be used for capping pulp exposures, 
narrow canals that cannot be found can be exceptionally 
capped at their presumed or1face. 
Rowe (16) treated mechanical exposures 1n 15 teeth 
1n 12 rat~ w1th N-2. The observation period varied from 
14 to 154 days. Results showed that many pulps were sev-
erely damag e~ and some per1ap1cal abcesses were produced. 
Only 2 teeth showed dentin bridges wh1le severe necros1s 
and degeneration of the pulp was the most common finding. 
Barker and Lockett (17) used N-2 to pulp cap dog teeth. 
Although dog pulp experiences greater d1ff1culty 1n heal-
ing than hum~~ rulp, the authors suggest that N-2 1n con-
tact with human pulp causes more extensive necrosis than 
that cla1~e d by Sargent1. These authors found total pulp 
necrosis under the N-2 1n 9 of 10 cases. They found no 
per1ap1cal d1sturban~e. 
Asano (18) used N-2 for direct pulp caps on 25 human 
teeth. The results of pathologic evaluation showed good 
results in 12 of 25 tee th. Overdick (19) used 24 human 
teeth to compare the pulpal reaction to CaOH and N-2 af-
ter pulpotomy proceedures. N-2 was found to be associated 
w1th necrosis of the pulp beyond the immediate v1c1n1ty of 
the wound, and therefore judged unsatisfactory. 
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IV. ROOT FILLING IN ANIMAL TEETH WITH N-2 
Snyder et. al. (20) used N-2 to fill the root canals 
1n the teeth of J Collie dogs. Their results showed that 
regardless of the technique employed, 1nflammed pulp tis-
sue left in the canal under N-2 degenerated and created 
periap1cal inflammation. Although Sargent1 (21) claims 
that N-2 can be placed 1n contact with 1nflammed pulp tis-
sue, without the subsequent necrosis of that tissue, these 
authors found otherwise. They also found that previously 
un1nflammed pulp tlssue necrosed following partial pulp 
extirpation and placement or N-2. Chronic per1ap1cal 1n-
flammat1on occured following the degeneration of this tis-
sue. These authors question the concept of leaving a por-
tion or the pulp in the canal, especially when the tissue 
1s 1nflamced. They found no evidence of the existence of 
the sclerotic zone. Rowe · (22) reported on the use of N-2 
and other compounds conta1ning paraformaldehyde for the 
filling of cat teeth. Of 12 teeth filled with N-2, 9 had 
normal per1ap1cal tissues and only 1 showed alveolar bone 
resorption. He concluded that the paraform conta1n1ng 
materials, 1nclud1ng N-2, cause little 1rr1tat1on. He 
postulated that the addition of paraformaldehyde to root 
filling materials may . be or value 1n the reduction of in-
flammation 1n the ·r1rst months following removal of the 
pulp. Barker and Lockett (2J) filled dog mandibular 
-1J-
premolars with N-2, Oxpara and Gysi Trio paste. Some of 
the canals were overf1lled. W1th N-2 they observed slight 
apical irritation in 1 tooth and no irr1tat1on 1n J others. 
In 2 teeth, N-2 was well tolerated when extruded 1nto the 
per1ap1cal tissues and encapsulation with fibrous tissue 
occurred. When N-2 contacted bone, necrosis was observed 
but trabeculae 1n close proximity were undisturbed. The 
authors feel that N-2 extruded into the per1apical tissues 
1s relatively permanent. 
Langeland et. al. (24) used N-2 as a filling mater-
ial in monkey and pig teeth. Teeth were filled short or 
and to the apex. They reported severe reactions in the 
pulp and periap1cal tissues which tended to increase 1n 
severity with time. The monkey teeth were filled after 
removal of the tissue to various levels including total 
removal of the tissue. 44 monkey teeth were included and 
the observation period was 1 to 455 days. 10 pig teeth 
were included and extracted after JO to 149 days. The 
authors observed dystrophic calcif1cations and internal 
and external resorption and apposition under the N-2 mater-
ial. Kuroiwa (25) reported on the use of N-2 in the teeth 
of 12 dogs. He found good healing after the use of N-2 
1n uninfected canals and poor healing in infected root 
canals. Stasinopoulos (26) filled 14 teeth 1n 7 dog s with 
N-2. He reported that h1stologic study of the teeth 2, 7 
and 11 weeks later showed signs or 1rritat1on of the per1-
apical tissues. The irritation observed was similar 1n 
1ntens1ty to that observed 1n teeth filled with Grossman's 
cement. Erausqu1n and Muruzabal (27) studied the tissue 
reaction to N-2 and other root canal cements in the teeth 
or ?10 rats. They found a favorable reaction 1n the api-
cal pulp only when trauma to that tissue was minimal. Un-
der those circumstances, all of the cements tested showed 
a similar favorable reaction. 
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V. HU?'~ STUDIES 
Sargenti (28) believes that the formation of the 
sclerotic zone or scurf 1s essential to the successful 
outcome of the N-2 treatment. This zone is said to occur 
1n the remaining apical pulp tissue when a vital pulp is 
treated by the Sargent1 method. Richter (29) described 
the f1xing action of the N-2 which 1s the apparent cause 
for the formation of the sclerotic zone . "The t1ssue in 
direct contact with the tl-2 mixture slowly transforc s in-
to a kind of f1br1llar connective tissue for~1ng a thin 
membrane between the N-2 deposit and the pulp reonant. 
~ventually, the actual border becomes as s tructu r e l ess a s 
scar tissue. All of this goes on by a sl ow metapla s ia and 
nowhere does any dev1talizat1on or necros is result. Thus 
the vitality of the apical region 1s maintained even 1n 
roots which have undergone 1nstrumenta t1on to the1r apical 
th1rd." 
The fate of the apical tissue remnants has been de-
scribed by other authors. Sarg ent1's (JO) explanation of 
the sclerotic zone 1s as follows. ··N-2 1s able to immobil-
ize a section of the vital pulp remnant which 1s 1n close 
contact with the N-2 material into a scurf which insulates 
the small apical remnants from the N-2 obturat1on • 
••• None of the N-2 material comes in d irect contact with 
the living cells, but an insulating pa rt of the tissue 1t-
self, fixed by the N-2 material." 
Telander, (Jl) after a review of some studies con-
cerning the effect of N-2 on vital pulp tissue, states 
-The vital pulp remnants gradually undergo a b1olog1c 
healing process accompanied by atrophic and degenerative 
changes ••• the per1ap1cal region is not affected by 
these changes." Nygaard-Ostby (J2) states that f1xat1on 
of tissue by paraformaldehyde means that the tissue be-
comes necrotic 1n the histologic sense. 
Some of the or1g1nal research upon which the N-2 
technique was rounded was reported by Zeros1 et. al. (JJ) 
This article has never been translated to English to my 
knowledge. Nygaard-Ostby (J4) has reported that the study 
by Zeros1 included 4 human teeth and 2 monkey teeth. 
Ostby has reproduced a h1stolog1c slide from one of the 
huoan specimens wh1ch shows granulation tissue in the api-
cal foramen of the tooth. The specimen was taken 8 months 
after treatment. It 1s Ostby•s belief that the material 
presented by Zeros1 does not prove the content1on that tne 
presence of the N-2 material creates a zone or sclerosis 
under which the pulp t1ssue remains normal. Rowe (J5) has 
presented J human teeth that had vital exposed pulps .at the 
t1me of treatment with N-2 and were extracted 6 months, l 
and 2 years after treatment. The h1stolog1c sections demon-
strate, according to Rowe, a zone conta1n1ng pulp debr1~ 
and fixed tissue adjacent to the N-2 material, corres-
-17-
ponding to the sclerotic zone described by Sargent1. 
Under the zone the tissue 1s said to be normal 1n appearance 
and a hard tissue barrier 1s being formed. Rowe reported 
the ex1stence o~ cale1f1cat1ons in the pulp tissue under the 
N-2. 
Iten (J6) examined 15 teeth that had been treated by 
the N-2 technique. Some of the teeth had normal pulps 
prior to treatment and some were 1nflammed. In canals 
where the pulp was severed close to the apex, the rema1n1ng 
pulp appeared to be dead. Granulation tissue with a heavy 
cellular 1nf1ltrate was found in the per1ap1cal tissues ad-
jacent to these ca~als. Where the pulp had been severed 
some distance from the apex, the tissue adjacent to the N-2 
had been dev1tal1zed and fixed wh1le the periodontal tis-
sues were normal. N1chols (37) treated 24 canals 1n 15 
human posterior teeth that were to be extracted for ortho-
dontic purposes. In almost all roots w1th- N-2 f1111ngs, 
the pulp close to the filling had lost much of 1ts struct-
ural deta11, although some shrunken nuclei, 1dent1f1ed by 
Nichols as nuclei of odontoblasts, were usually st111 v1s-
1ble. In 2 roots where the filling was w1th1n 1mm. of the 
foramen, th1s zone composed all of the rema1n1ng pulp. 
The teeth were removed J to 94 days following f1111ng. 
Regardless of the time elapsed, the zone of decreased 
structural detail was seen. In some teeth there was a 
transition to normal pulpal tissue nearer to the apex. 
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In others most or the cellular detail had been lost for 
a considerable d1stance. Most nuclei were no longer v1s1-
ble. In 2 roots the Junction of the altered t1ssue and the 
1ntact pulp was infiltrated by round cells. In none of the 
roots was any hard tissue repair noted. In 2 roots the re-
maining pulp was acutely inflammed. Nichols reports that 
h1stolog1c sections of teeth filled with Gys1's paste, 
which also contains paraformaldehyde, show a similar zone 
of devitalized and fixed tissue. He believes that the rea-
son for the dense fibrosis seen in the pulp tissue under 
the N-2, is .that while the odontoblasts are rapidly dev1t-
al1zed by the f1111ng material, the fibroblasts succumb 
over a longer period. It 1s during this t1me that f1bro s 1s 
occurs. Nichols states that the amount of t1me that the 
devitalized tissue will remain resistant to attack by m1cro-
organ1sms 1s unknown. 
Orban (J8,J9) in the 193o•s, exper1mented with para-
tormaldehyde. He concluded that 1n low concentrations, 
paraformaldehyde could be placed on intact dentin to achieve 
some degree of pulpal anesthesia and secondary dentin form-
ation. He also reported that higher concentrat1ons of the 
drug placed on the dent1n caused metaplas1a in the pulp 
tissue and that when paraformaldehyde was placed directly 
on the pulp, necrosis of the pulp and inflammation of the 
per1apical tissues ensued. Wong (40), has shown that fibro-
sis 1s one or the pulpal reactions to paraformaldehyde. 
Iacobelli (41) studied J human teeth extracted 5 years 
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after treatment with N-2. He found the scruf next to the 
N-2 and has reported seeing the scruf 1n lateral canals. 
The pulp under the scruf showed calcifications which at 
times seem to block the canal. Some resorption and deposi-
tion or apical dentin was seen. Langeland et. al. (42) 
·treated 10 vital, asymptomatic teeth w1th N-2. The speci-
mens were extracted J to 652 days later. In teeth removed 
J to 28 days after treatment, severe reaction was seen 
(5 teeth). From 119 to 160 days, a moderate response was 
seen (J teeth). At 652 days, severe periap1cal involvement 
was seen (2 · teeth). The authors concluded that N-2 causes 
a considerable and persistant inflammatory response 1n hu-
. 
man pulp and per1ap1cal tissue. They also noted dystro-
ph1c calc1f1cat1ons which they feel were promoted by the 
presence of the N-2 as was the internal and external re-
sorption and apposition noted under the f1111ng material. 
Curson (43) states that N-2 is an 1rr1tant although 
1ts purpose 1s to be biological. He describes the action 
of N-2 as the formation of a necrotic barrier on the sur-
face of the amputated pulp. He predicts that the final 
outcome 1s the slow degeneration of the pulp rema1n1ng 
under the N-2 material. 
In spite of statements quoted herein concerning the 
importance of the apical tissue remaining vital under N-2, 
Sargent1 (44) has also stated that " •• the question as to 
whether or not tissue remnants under the N-2 material re-
J 
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main vital 1s irrelevant. Clinical observations over a 
period or 20 years authorize us to conclude that the mater-
ial is reasonably well tolerated." The results of the cl1n-
1cal observations by Sargent1 have not been substantiated 
or published. However, other investigators have published 
the results of clinical observations of teeth treated by 
the N-2 method. Berman and Ebersberger (45) reported 2000 
vital cases treated by the N-2 method over a period or J! 
years with only 1 failure. Telander (46) treated 217 teeth 
by the Sargent1 method (141 vital, 76 non-vital) which were 
examined 4 to 6 years after treatment. He reported suc-
cess in 92% of the vital cases, 96% of the non-vital cases 
without areas, and 72% of the non-v1tal cases w1th areas. 
Total el1m1nat1on of pre-existing areas of rad1olucency 
was the criteria for success in th1s study. 
Hakkak (47) has reported on J40 gangrenous teeth 
treated by the Sargent1 method and followed for J ~onths to 
19. years. A majority of the cases were followed for 5 years 
or less, and 66 of the teeth were followed for less than 
6 months. The author found 91% of the teeth to be with-
out pain at the checkup v1s1t. 84.5% (290) were said to 
show reduction in size or el1m1nat1on of periap1cal in-
volvement. The diagnosis before treatment, however, show-
ed only 204 teeth 1n1t1ally had per1ap1cal involvement. 
Th1s 'apparent error in reporting of the data is not ex-
plained 1n the study. In 21 cases there was an acute ex-
acerbation after the treatment and 1n 12 of these cases 
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the tooth was extracted. 29 teeth showed no reduction 1n 
size of the ap1cal involvement. In 26) teeth, healing oc-
curred 1n sp1te of incomplete canal f1111ngs. The author 
attr1butes this heal1ng to the far reaching action of the 
formaldehyde gases developing from the sealer. 
Tschamer (48) treated 29 teeth with N-2. An average 
of 2i years passed between treatment and control examina-
tion. Of the 29 teeth, 2) were classified as failures. 
Rowe (49) reported on 89 teeth treated w1th N-2. 80 of 
the teeth were v1tal and 9 were pulpless. 54 teeth were 
observed for. over 2 years. None of the teeth that origin-
ally contained v1tal pulp developed areas of rad1olucency. 
Only 1 failure was reported. Jastrzebska (50) compared the 
ol1n1cal results of root canal treatment of 128 teeth w1th 
either resorcin-formu11n paste or N-2 paste. He reported 
?2.5% success with the N-2 cases. The author teros these 
"good results". Badz1an-Kobos et. al. (51) compared the 
results of treating 176 1nc1sors in children aged 8 to 14 
years with N-2 and Rezoform paste. The teeth were evalu-
ated 2 - J years after treatment. Radiographic exam showed 
"good results" 1n ?0.2% of the cases treated w1th Rezoform 
and 86.1% of the cases treated w1th N-2 paste. Werts (52) 
presented results in 138 teeth treated by the N-2 method. 
91 teeth were examined after 1 or 2 years, and 4? were fol-
lowed for 5 years. Only 4 teeth showed evidence ot periapical 
rad1olucency at the time or exam. ?l had had a radiolucency 
at the 1n1t1at1on of treatment. Werts cla1ms that only 1 
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tooth did not respond to treatment and was extracted. 
The cause for this failure 1s reported by the author to 
have been a naso-palat1ne cyst, although it seems unlikely 
for such a pathological entity to be the cause of an en-
dodont1c failure. 
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VI. PROPERTIES OF THE N-2 FILLING YtATERIAL 
Richter (5J) claims that N-2 has styptic, fixing 
and anesthetizing properties, and is a stable d1s1nfect-
ant. He also quotes the studies or Professor Muench on 
the comparit1ve adhesive and leuting properties of var-
ious root canal materials which are sa1d to have shown 
that N-2 is "one of the best." Telander (54) states, 
NThe spec1f1c root sealing qualities such as adhesion 
to the canal walls, 1nsolubil1ty, opacity, hardness, 
have always remained unchanged during the time I have 
used the material." Studies by Zeros1 and Hertw1g are 
quoted by Telander as having established the fact that 
the material has favoriable properties for root canal f11-
11ng. These studies are not available 1n ~gl1sh. 
During the years since the N-2 material was first 
introduced, there has been considerable controversy over 
' 
the chemical composition of the material. Langeland (55) · 
• claims that there have been at least 25 different form-
ulas for the paste published to date. The most recent 
of these preparations 1s RC-2B. Spangberg and Langeland 
(56) discussed the compos1t1on of N-2. Their analysis 
showed that the material contained 20% lead oxide. 
Most compositions or N-2 also contain an organic mercury 
compound phenyl mercuric borate, paraformaldehyde and 
perfumes. Since N-2 is a resorbable paste, these authors 
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believe that 1t is likely that the materials, when they 
contact the per1ap1cal tissues, will not only affect them 
. locally but have a potential to be dispersed to other or-
gans via the circulation. Spangberg and Engstrom (5?) 
have shown 1n experiments with mice that phenylmercury 
1s distributed to the bone marrow, kidney, liver, and d1ges-
t1ve tract after ingestion of the N-2 material. In another 
. 
study w1th animals, Harndt and Kaul (58) implanted the 
material 1n connective tissue and at autopsy found the 
lead material had spread to tissue near the site as well 
as to the k1~neys and adrenals. 
The American Ehdodont1o Society Newsletter (59) has 
reported that the lD 50 for RC-2B 1n mice 1s 5900mg/kg. 
This is greater than the 2500 mg/kg dose 11m1t wh1ch 1s 
considered to be a toxic substance by the Federal Hazard-
ous Substances Act. RC-2B 1s not a hazardous substance by 
that def1n1t1on. Oswald and Cohn (60) investigated the . 
gross and cellular aspects of lead toxicity. They used 
RC-2B mixed with lead monoxide 210 ( Pbo) to f111 root 
canals 1n the canine teeth of 4 cats. The final compound 
had a lead content of 12.8% while the RC-2B alone is 11% 
lead. After the animals were sacrificed, s1gn1f1cant 
traces of lead were found 1n liver, kidney, adrenal gland, 
spleen, femur and ribs. These results 1nd1cate the need 
for further study 1n this area. 
Recently (1973), Sargent! (61) has stated that, 
••The N-2 sealer 1s a typical sem1resorbable material 
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practically non-resorbable 1n the canal, and slowly re-
sorbable if accidently extruded beyond the apex." In 
h1s textbook, Sargenti (62) states"•• a small deposit of 
root filling material seems to give a welcome osteogenic 
stimulus which improves speedy healing of the rarefaction 
area and denser calcification." However, Sargenti (6J) 
has stated elsewhere that, "The reaction of the peri-
apical tissues to the extruded N-2 should not lead one 
to the conclusion that we suggest the application of the 
N-2 material in the per1ap1cal area." 
Nichols . (64) has reported that the N-2 is not re-
sorbed from the canal and sets hard after mix1ng. 
Overdick (65) found slow resorption of the extruded 
material. Hakkak (66) states that small amounts of the 
material are resorbed 1n a period of approximately 1 year 
and gross amounts of overextension may take up to 10 years 
to resorb • 
. Langeland (67) believes that N-2 is resorbable. He 
has found that when N-2 is implanted in tissues under ex-
perimental conditions, the material can be located sub-
sequently in tissue spaces, lymph vessels, macrophages, 
and foreign body cells. 
Gottlieb et. al. (68) using a zinc ox1de-eugenol 
cement, w1th 5% paraformaldehyde noted abcesses 1n over-
extended cases in dog teeth. Snyder et. al. (69) claim 
that the material is difficult to control when placing 1t 
into the root canal. Barker and Lockett (70) have 
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stressed the importance of confining the ·material to the 
canal s1nce reports or pain following overextension of 
the material are not uncommon 1n their experience. They 
believe that the material is resorbed by macrophages but 
that the process is slow and the material should be re-
garded as relatively permanent when passed into the peri-
ap1cal tissues. 
Sargenti (71), over a period of 2 decade~, has seen 
the paste extruded into the maxillary s1nus and the man-
dibular canal without permanent harm to the patient. 
F.brmann (72) has presented a case in which a patient 
suffered paraesthesia and pain or the right mandible. A 
molar with N-2 material extruded through the apex and into 
the mandibular canal was the cause. E.xtract1on or the 
tooth, curettage or the socket and exploration or the area 
under general anesthesia did not eliminate the material from 
the canal. The patient's symptoms persisted for over 2 
ye~rs. Orlay (?J) has presented 2 cases of severe pain 
and paraesthes1a following extension of ·N-2 beyond the 
apex. In one case, a mandibular molar. the tooth had to 
be removed and all attempts to remove the material from 
. 
the mandibular canal were unsuccessful. 9 months after 
removal of the tooth, numbness and paraesthes1a persisted. 
In 1958, Bertolini (74) reported the results of an 
evaluation of the antibacterial properties of the N-2 
filling material. He stated that "the results were favor-
able 1n themselves and 1n compar1son to other materials 
-27-
tested." Other studies in this area have been done by 
Weber and by Barat1er1 and Bossi {75). These are not a-
vail.able 1n English. Rappaport et. al. { 76) tested N-2 
along with other materials used as root canal sealers 
for their ability to 1nh1b1t growth of 8 different micro-
organisms on agar plates. They found that N-2 ranked in 
the lower third of the materials tested. For comparison, 
Kerr sealer was found to be less effective and zinc oxide-
eugenol more effective than the N-2 against the test 
organisms. In a pilot experiment, Barker and Lockett (77) 
filled an infected root canal with N-2 and observed re-
gression of the apical reaction. However, they have seen 
the same resolution when zinc oxide-eugenol cement 1s 
used alone. They feel that the main advantage of the 
parafonnaldehyde pastes may be their effectiveness in 
sterilizing root canals, and they recommend further study 
1n that area. Telander (78) has stated that settin5 in-
activates the paraformaldehyde, which he terms the most 
important component. Apparently no studies have been done 
to evaluate the claims that the material generates a para-
formaldehyde gas within the tooth which has a far reach-
ing bactericidal effect, or that the material has the 
ability to inhibit the growth of bacteria after 1t has set. 
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VII. DISCUSSION 
After reading the available literature concerning 
a method of treatment such as the Sargent1 method of 
root canal therapy, one attempts to analyse the data 
and arrive at logical conclusions. In this case, the 
availab1e data does not support in theory many of the 
principles of treatment recommended by Sargent1. Even 
1n those situations where Sargent1 supplies a biologic 
rationa1 for h1s proceedures, the rational 1s not con-
· s1stently supported by established concepts of b1olog1c 
root canal therapy. 
The primary example of such a s1tuat1on 1s the 
teaching by Sargent1 that the pulp tissue 1n the apical 
region remains v1tal 1ndef1n1tely under the N-2 material. 
This 1s a very important concept and one which deserves 
considerable discussion. &ldodontic therapy 1s neces-
sitated in most instances by an alteration 1n the state 
or health of the dental pulp. This may result 1n the 
onset or pulpal pain and also, as a result of degene~a-
t1on of the pulpal t1ssue and/or bacterial contamination 
ot the tissue, 1n disease of the attachment apparatus. 
This second problem 1s related to the pulpal pathology 
so 1nt1mately, that it can be stated without doubt that 
if 100% of the pulp tissu·e or remnants thereof can be 
eliminated from the root canal system, we would expect 
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healing of the disease of the attachment apparatus 100% 
of the time (79). This principal is so basic to endo-
dontic therapy that within conventional endodontics, the 
more recent refinements in technique, have been aimed to-
ward achieving a more thorough elim1nation of organic 
pulp debris. Improvements in cleaning and shaping tech-
niques and the increased use of tissue digesting irri-
gants, and a more thorough understanding of the anatomy of 
root canal systems have all been instrumental in achiev-
1ng a success rate of more than 95% in all teeth treated 
at the clinic of Boston University School of Graduate 
Dentistry over the past 10 years. (80) 
In light of this comparatively sophisticated ap-
proach to the treatment of pulpal disease, 1t is diffi-
cult to imagine why a dentist would intentionally leave 
a portion of the pulp tissue behind during · root canal 
therapy. It is clear that Sargenti prefers that method. 
' 
but what is not clear is the fate of the apical tissue 
under the N-2 and of the tissue of the attachment apparatus 
related to it. Sargenti's statements, quoted previously 
in the literature review, range from claiming that the 
sclerotic zone formation and mainta1nence of vital apical 
tissue 1s essential to the success of the case, to saying 
that the fate of the tissue is irrelevant. Clearly it 
is biologically impossible for the fate of the apical pulp 
not to be intimately related to the presence or absence 
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or disease of the attachment apparatus. As reported 
1n the literature review, the existence of the sclerotic 
zone has been demonstrated 1n less than 10 human teeth. 
Many other studies reported herein in both animal and 
human teeth, have reported inab111ty to find the sclero-
tic zone and few have found normal pulp tissue under N-2. 
This strongly suggests that in spite of Sargent1's 
claims, there is no pred1ctab111ty to the formation of 
the zone and ma1nta1nence of the apical pulp 1n normal 
condition. Also, these results were found with normal 
_teeth 1n erperimental studies. Add to this high degree 
of unpredictability in these normal teeth, the various 
states or pulpal disease that Sargent1 includes under 
the heading of vital pulps, and the biologic var1ab111ty 
of each patient presenting for treatment, and one ls 
apparently left with a very unpredictable success rate. 
In face of b1olog1c evidence contra1nd1cat1ng the 
leaving of pulpal tissue in the root canal system, 
Sargent1 responds with an empirical claim that over 20 
years of success allow h1m to conclude that h1s methods 
are correct. (81) The problem is that such claims have 
not been substantiated. Sargenti has never published 
a study documenting his clinical results. Some publish-
ed case studies are included herein. Each has it's own 
criteria for success. The standards for success applied 
to the Bermann - Ebersberger study are not available 
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since it has not been translated. Hakkak's standards 
for success are quite different than those applied to 
our routine endodont1c cases at Boston Univers1ty. (82) 
The decrease in size but not el1m1nat1on of a periap1cal 
radiolucency does not by our definition constitute suc-
cess. The presence of the per1apical radiolucency is 
directly related to the state of the contents of the 
root canal system. as previously discussed. Gangrenous 
teeth have necrotic pulpal debris in the space previously 
• 
occupied by the pulp. When this debris or tissue break-
down products resulting from th1s debris leaks out of 
any portal of exit of the root canal system and into the 
tissue of the attachment apparatus, an inflammatory tis-
sue reaction occurs. Th1s generally results in the pro-
duction of an epitheliated granuloma. If such a tooth 
were extracted, the area visible on the radiograph would 
be expected to disappear. lf it was found subsequently 
to be still v1s1ble, the clinician would be extremely 
surprised. L1kew1se, the 1nco~plete elimination of a 
radiolucency after the completion or root canal therapy 
(given adequate healing time) should surprise the clini-
cian. It indicates that the root canal system is not 
totally cleaned, and 1f a medicated filling ·has been 
placed 1n the canal, it indicates that the med1cat1on 
has not prevented the necrotic tissue breakdown products 
from affecting the surrounding tissue. (8J) 
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It is possible, therefore, that the already low 
figure of 84.5% success in gangrenous teeth with areas 
1n Hakkak's study would be lower if applied to our stand-
ards. In fact, Telander's study, where total elimination 
of pre-existing radiolucencies was the standard for suc-
cess, only 72% of such teeth were judged successful. 
In reviewing the N-2 literature, it becomes obvious 
that much of the supporting literature is of European 
origin. This may be of significance in that paste fil-
lings have enjoyed greater popularity over the years 1n 
Europe than they have 1n the United States. Perhaps in 
that environment, the arrival of N-2 on the scene was 
beneficial, in that the fixing action of the parafor-
maldehyde produced better results than other pastes 
while not requiring the technical skill or the clean-
ing and shaping techniques used here. It is notable 
that in separate studies, Jastrezebska and Badzian-Kobos 
et. al. reported 72.5i and 86.1% success respectively 
with N-2. Both authors termed these results ••good". 
By standards that exist in the United States for root 
canal therapy, these results would be "poor". 
There are cany other aspects of the N-2 method that 
are not supported by the literature. There has been a 
continuing debate over the formula for the filling 
material. Sargenti, the originator of the formula, 
has never added any positive evidence for the efficacy 
of the components of the formula. He has attached 
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particular slgniflcance to the 5% paraformaldehyde con-
tent of the paste (84). He cltes Orban's work as the 
origin of this figure 1n spite of the fact that Best (85) 
has clearly demonstrated that Orban's work does not sup-
port the conclusions drawn by Sargent1. Sargenti (86) 
implies that there 1s a precise dosage for the N-2, and 
yet he has said "it ls possible to significantly vary 
the percentage, quantity, and number of the ingredients 
wl thout influencing the effec.t of the material, provided 
the paraformaldehyde ls not left out". This implies that 
he attaches little s1gn1f1cance to the chemicals which 
make up his paste. Again 9n the theme of dosage, Sargenti 
has discredited histolog1c evidence of tissue necrosis 
under N-2 by saying that the tissue was severed too hi gh 
1n the canal. The N-2 (87), he claims, is intended to 
contact tissue of a diameter no greater than 0.5mm. It 
1s obvious to any cl1n1c1an . that if one is leaving a seg-
• 
ment of pulp tissue 1n the apical portion of the root 
canal, lt is impossible to predictably know the diameter 
of that tissue. If the tooth in question happens to be 
a single rooted tooth 1n a young patient, it is very likely 
that the diameter of the apical pulp st~p could be ~reat-
er than 0.5mm. Does this contraindicate the use of the 
Sargent1 method for these teeth? Surely it ls also im-
possible to know the amount of filling material that con-
tacts the tissue at the apex. What effect does this 
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variable have on the precise dosage of paraformaldehyde 
delivered to the tissue? 
The available evidence supports the fact that N-2 
is 1rr1tat1ng to the per1ap1cal tissues. Sargent1 (88) 
agrees to th1s and has stated that he does not reco~mend 
contacting the periap1cal tissue with N-2. In spite of 
this, he recommends that N-2 paste be used as a sealing 
agent instead of amalgam for root end filling. (89) 
S1nce he has also stated that N-2 1s resorbed when out-
side of the canal, it 1s difficult to see the logic of 
this choice of material. Resorption of the material 
from the canal according to Sargent1 does not occur. 
However 1n his text book, (90) several exa~ples are 
shown where obvious resorption of the material 1n the 
canal has occurred. 
There 1s no support for the claim that there 1s a 
far reaching bactericidal effect due to production of 
paraformaldehyde gas 1n the root canal system. It 1s 
s1gnif1cant that in the study by Telander, there 1s a 
significantly decreased success rate 1n gangrenous 
teeth. If the gas is far reaching, and 1f 1t 1s bacter-
icidal, 1t would still only k111 bacteria and would 
have no effect on tissue debris left 1n those narrow and 
curved parts of the root canal system · untouched by the 
Sargent1 method. There 1s also no evidence that the 
paste retains any ant1m1crob1al activity after the set 
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has occurred~ 
There 1s no research that has analysed the solub11-
1ty or shrinkage or the paste nor has any demonstration 
or the sealing characteristics of the material been made. 
In spite of the unproven assumptions by Sargenti 
h1s empirical claims of success continue. In defense of 
the Sargenti technique, Werts (91) has said, "Endodontic 
techniques currently 1n vogue cannot completely obliter-
ate the root canal system ••• therefore, unt11 we have a 
better method, a more rational approach should be adopt-
ed". A review of the literature does not support the 
contention that the N-2 technique 1s a more rational 
method of root canal therapy. 
Sargent! (92) has stated that the only question to 
ponder is why his technique works so well. Yet, in over 2 
decades he has not published a well documented clinical 
follow up study. There is ho doubt that a certain per-
centage of teeth treated by this method will be success- . 
ful. The science of dentistry has in it's previous ex-
perience with endodontics, practiced less biologically 
sophisticated techniques with some degree of success~ 
Most methods employing m11mmify1ng pastes have failed 1n 
the past. However, many dentists have reported good 
clinical results following the use of N-2 for root canal 
treatment. (9J) These reports do not come in the form 
of well controlled studies with sc1ent1f1cally valid data, 
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but rather they echo Sargent1's emp1r1cal cla1ms of suc-
cess. 
The quest1on is, does the Sargent1 method of root 
canal therapy represent an 1mprovement over the methods 
of root canal therapy that have as their goal the total 
removal of the organ1c contents of the root canal system 
and the subsequent total obturat1on of that system? The 
measurement of such improvement can be made by the com-




MATERIALS .AND METHODS 
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I. INTRODUCTION 
The participants in the study are outpatients who 
are undergoing routine dental treatment at the clinic of 
the School of Graduate Dentistry, Boston University Medical 
Center. There are no specific requirements as to a g e or 
sex of the patients taking part in the study. Any medi-
cal condition which contraindicates routine endodontic 
the!apy likewise excludes a subject from this study. Any 
tooth with a~y type of pulpal disease requiring endodontic 
therapy may be included in the study. 
·All patients are informed of the nature of the 
study. They are g iven a detailed description of th e N-2 
method of therapy and of endodontic therapy as it is 
routinely practiced at this clinic (warm gutta perc ha 
method) and are asked to make a choice. Patients are in-
' 
formed that the primary purpose of the stuny 1s to eval-
uate the long term success of cases treated by the N-2 
method and the importance of their cooperation in this 
evaluation 1s emphasized. 
The treatment of the clinical cases is carried out 
exactly as specified 1n the text, EN DODONTICS (Sargent!, 
197)). (94) 
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II. VITAL CASES 
For the purpose of this study, vital teeth are those 
which have a vital pulp or at least retain some vitality 1n 
the apical one third. (95) All vital cases are treated in 
one visit unless specific clinical conditions such as ex-
cessive hemorrhage contraindicate filling at that time. 
The treatment sequence for a vital case is as follows. 
a. Local anesthesia is administered, a 
rubber dam is placed, and a proper 
access cavity is created. 
b. A reamer or a diameter slightly super-
ior to that of the apical part of the 
canal, wh1ch binds in the apical one 
third 1s used to cut the pulp off at 
that level. 
c. The canal is enlarged from that level, 
with reamers of successively larger sizes. 
d. The root filling paste is prepared and 
placed 1n the · canal with a lentulo paste 
filler in the contra-angle as described 
by Sargent!. 
The following guidelines, suggested by Sargenti were 
used in treating vital cases. 
a. In curved canals the pulp is severed 
at the curve or at the point of obstruct-
ion. 
b. Wide straight canals were reamed and filled 
to the apical one third. 
c. Narrow canals are prepared to a level 
within the apical half or as far as 
reasonably possible. The reamable section 
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and the or1face must be well enlarged. 
d. Narrow canals which cannot be found and 
penetrated can be exceptionally capped 
at their presumed oriface. 
e. At no time during the procedure are 
barbed broaches employed. 
r. Irr1gat1on 1s not used. 
\ 
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III. GANGRENOUS CASES 
Sargent! (96) states, "Gangrenous teeth are those 
that have a gangrenous canal content." The treatment 
sequence for such cases 1s as follows. 
a. The rubber dam 1s placed and a proper 
access cavity is created. 
b. The length of the canal 1s determined 
by radiograph, and the canal contents 
are removed throughout the entire 
length with reamers. The ~eamers are 
dipped 1n the RC-2B paste before each 
placement 1nto the canal. 
c. The canal 1s filled as close as possible 
to the apex with the TCM filling mater-
ial. (RC-2B paste plus Terra-Cortr11 as 
described by Sargent1). 
• I 
d. F1stulat1on was performed only 1n those 
cases where the patlent experienced paln 
or swelling subsequent to the f1111n~ or 
the root canals. The Sargent1 f1stulator 
and f1stulat1ng bur was available for this 
procedure. 
e. Some gangrenous cases were completed in 
one visit. In these cases the teeth 
were asymptomatic before the treatment. 
Others were carried for two or more v1s1ts, 
depending on the symptoms at the time of 
each v1s1t. 
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IV. FILLING MATERIAL FOR CLINICAL CASES 
The name RC-2B, instead of N-2, is now used to refer 
to the filling material recommended at the courses given 
1n the technique. There 1s little difference between the 
formula of RC-2B and that of the most recently available 
formula of N-2. There have been many changes in the form-
ula of the N-2 paste over the last 20 years, but the basic 
components, including paraformaldehyde, remain. In all 
cases in this study, RC-2B is the filling material. The 
term N-2 is still used to refer to the technique. 
In all cases the RC-2B paste is mixed from materials 
received in response to submitting a preprinted prescrip-
tion form which was obtained at a one day course given by 
the proponents of the N-2 technique. The formula for the 
powder as printed on the prescription form is as follows. 
4.00% Titanium Dioxide 
6.50% Paraformaldehyde 
9.00% Bismuth Subcarbonate 
0.09% Phenylmercuric Borate 
61.00% Zinc Oxide 
J.00% Barium Sulfate 
4.00% B1smuth Subn1trate 
11.00% Lead Tetrox1de 
1.20% ~ydrocort1sone 
0.21% Prednisolone 
In most necrotic cases, Terra-Cortr11 Opthalmic oint-
ment is added to the mixture, in the manner described by 
Sargenti • . (Four drops of the ointment plus two drops of 
the eugenol mixed with the powder to a "sour cream consis-
tency). This creates the TCM or Polyvalent Canal Medica-
tion Sargenti recommends for gangrenous teeth. In his 197) 
text Sargenti (97) states "Each cc. of Terra-Cortril (Pfizer) 
contains 15mg. of Hydrocortisone, 5mg. of oxytetracycline 
-4J~ 
and 1mg. of polym1x1ne. 
In all cases the material 1s prepared fresh. The 
canal is first coated with the material by using the last 
instrument used for canal preparation inserted to 1ts deep-
est penetration. The lentulo spiral 1s then coated with 
paste and inserted to the deepest level of penetration with-
out rotation. The handp1ece 1s then run at a slow speed 
and moved up and down 4 to 6 times. 
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V. MONITORING OF CLINICAL CASES 
A detailed history of the patient and of the tooth 
to be treated 1s taken before treatment 1s begun. Immediat-
ely after the treatment 1s completed, a detailed description 
of the treatment is recorded. The patients are next seen 
approximately six months after the treatment is completed, 
unless they report symptoms that require treatment before 
that time. 
At the time of the six month check up, one or more 
rad1ographs are taken at the same approximate angulation 
as the original post-op film. These checkup films are 
taken with the same kind of X-ray machine used for the 
post-op film. 
The patient is questioned about any possible s ym ptoms 
that may have occurred since the last visit. The tooth is 
tested for sens1t1v1ty to percussion, ~obility and t~e pre-
sence of an y clinically obvious pathologic symptoms • 
• 
The check up X-ray is processed and mounted next to · 
the original post-op X-ray. 
Three observers, all board certified endodont1sts are 
then asked to evaluate the radiographs according to the 
same criteria for success that is applied to all other 
endodont1c cases at this institution. 
A. Success 
1. Clinical - Ab se~ce of all clinical symptoms 
such as pain, sensitivity to percussion, 
I 
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swelling, drainage of fluid or- the presence 
of a fistulous tract. 
11. Radiographic - Ma1nta1nance or a normal PDL 
space w1th normal per1ap1cal bone around 
teeth that were normal at the time of treat-
ment. Complete healing of all areas of rad1o-
lucency around teeth that had such radiolucen-
c1es at the time or treatment. Teeth with areas 
or rad1olucency at the time of treatment will 
not be class1f1ed as failures 1f the area 1s 
substantially decreased in size at the six 
month and/or one year checkup. If at the 18 
month cehckup the area ls not eliminated, or 
if an area that was decreased or eliminated, 
gets larger or recurs, the tooth will be class-
1f1ed as a failure. 
B. Failure 
1. · Teeth that demonstrate cl1n1cal symptoms such 
as pa1n, sens1t1v1ty to percussion, swelling , 
presence of a fistulous tract or draina~e of 
fluid at the recall exam will be classified 
as failures. 
11. Teeth that had no rad1ograph1c evidence of 
per1ap1cal pathology at the time of 1n1t1al 
treatment and develop such evidence subse-
quent to treatment w111 be class1f1ed as fail-
ures. 
111. Teeth that had ·areas of rad1olucency at the 
time of 1n1t1al treatment and show no appre-
ciable decrease 1n the size of that area after 
one year will be classified as failures. 
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VI. RESORPTION OF FILLING MATERIAL 
The same three observers are asked to compare the 
checkup rad1ographs with the 1n1t1al post-op rad1ographs 
for evidence of resorption of the f1111ng material both 
from in the canal and outside the canal. They are asked 
to make the following observations, 
• 
A. Canal F1111ng 
1. No change 
11. Change 
a. decrease in apparent length 1n canal 
b. decrease 1n density 
B. Overextens1ons 
1. No change 
11. Change 
a. Apparent decrease 1n density or amount 
of material 1n per1ap1cal tissue. 






I. CLINICAL EVALUATION 
Of the 60 cases completed in the first phase of the 
study, 46 were due for recall at this writing. 4J cases 
presented for recall and were examined clinically and radio-
graphically at approximately 6 months. Of these, 22 were 
vital cases. (Table IO The pulpal cond1t1on of these cases 
is outlined in Table III. This table includes 8 divisions 
of vital cases. This has been included because in the 
Sargenti method, a tooth with even a small amount of bleed-
ing tissue at the apex of the canals is considered vital. 
Perhaps wlth t1me and an increase in numcer of cases in 
each category, differences . in success rates between types 
of vital cases will be demonstrable. 
The clinical evaluation of these 22 teeth at 6 months 
showed that all of them are successful. (Table I) No re-
ports of pain either immediately after treatment or at any 
time since were received. 
21 gangrenous cases were included 1n the original re-
call group. (Table I) The clinical sym~toms of the gangren-
ous cases at the time of treatment are detailed in Table IV. 
J of the 21. teeth were found. to be symptomatic at the · time 
of the recall clinical exam. 6 teeth we~e reported to have 
had symptoms at some time post operative] y. These are out-
lined in Table V. Brief case histories ~ f the cases that 
presented post-operative symptoms are inc luded in the case 
history section. 
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II. RADIOGRAPHIC EVALUATION 
As discussed in the materials and methods section, 
radiographs were taken of every case at the time of the 
recall exam. These were then mounted along with the init-
ial pre-op and post-op films of the case in the standard 
X-ray mounts used by the Endodontic Department of the 
School of Graduate Dentistry. Evaluation of each case 
was done separately by each of three Board Certified En-
dodon~.ists. The cases were evaluated and tabulated 1n 
the manner described in the materials and methods section. 
Results of the radiographic evaluation are shown 1n 
Table II. Of the 22 vital cases, 14 were Judged success-
ful and 8 were classed as conditionally successful. 
Of the 21 gangrenous cases, 7 were successful, 11 
conditionally successful and J were failures. 
Evaluation of the material in the canal and the over-
filled material was also done on the basis of radiographs 
at this time. The results of this evaluation are shown 1n 
Table VI. In none of the 4) teeth was any change in the 
material in the canal noted. In the 6 teeth with overfil-
ling, only l showed no change in the overfilled mass. In 
4, a decrease in the density in the excess was noted, in 
J, a decreased amount of excess was noted and in J, a 
positional change in the mass was noted. Case studies of 
several teeth with overfilling are included in the case 
-so-
history section. Also see Table VII for a summary of the 




I. DISCUSSION OF RESULTS 
The results show that all vital teeth, recalled at 
6 months, were clinically asymptomatic. 8 of the cases 
demonstrated a radiographic picture that could not be 
called normal but at this short observation period was 
not indicative of failure by the standards of this study. 
There were no cases in which overfilling occurred and post-
op pain was reported 1n none of these vital cases. 
These reports are consistent with those reported 1n 
other clinical studies, (45,46,49) which have claimed a 
high degree of success with the N-2 technique in vital 
cases. The results reported here are of too short a term 
to be of value 1n Judging the long term success of cases 
treated 1n this manner. 
Reports of histologic evidence of inflacmation and 
degeneration of pulpal tissue under N-2 in animals and 
human teeth (20,24,27,J2,J4,J6,J?,42) are so numerous that 
the possibility of such an occurence must be expected. 
Sargenti believes that for success in vital cases 1t is 
essential that the sclerotic zone be formed, that the api-
cal region remains intact and that the unremoved pulp 
remnants should not become a source of infection. As dis-
cussed in the literature review the predictable formation 
of the sclerotic zone in vital pulp tissue under N-2 is doubt-
ful. These vital cases show that at 6 months there is no 
definite clinical evidence that the unremoved pulp has be-
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come a source of irritation or infection to the tissue of 
the attachment apparatus. Whether or not this will continue 
to be the case remains to be seen. The need for inclusion 
of more vital cases in the study and continued followup of 
these cases 1s essential to a thorough evaluation or the 
treatment of vital teeth by the Sargent1 method. 
The gangrenous cases evaluated at 6 months present a 
much more diversified picture than do the vital cases. Only 
one third were judged radiographically to be successful, 
while 11 were conditionally successful. The J failures, 
which constitute 14% of the gangrenous cases recalled at this 
time, were all cases that reported postoperative symptoms 
and were all judged as radiographic failures. 
6 of 21 gangrenous cases (29~) presented post opera-
tive symptoms, of pain and/or swelling. (Table V) Of 
these 6, J were eventually judged clinical and rad1cgraphic 
failures, 2 were conditionally successful and l was judged 
a success, at 6 months. 
overfilling occurred only 1n gangrenous cases. (Table 
VII) Of the 6 cases with overfilling, the J that resulted 
during filling with the lentulo spiral had larger amounts 
of excess material. (See case studies and radiographs) 
In only 2 of these overfills did the patient feel pain 
when the excess material contacted the per1ap1cal tissues, 
al though none of the 6 were anesthetized. 2 had· pa1n im-
' 
mediately after the visit and 2 had pa1n at some time sub-
sequent to the treatment. One of the latter occurred l 
month after treatment was completed. (See case #29 in Case 
Studies) The J cases 1n which overfilling resulted from 
pressure of the placement of the Cav1t temporary restora-
tion demonstrate the need for extreme care in accompl1sh-
1ng that proceedure because or the soft nature of the f11-
11ng paste. None of the cases w1th overf1111ng 1s among 
the J failures. 
The tact that N-2 is irritating to the periap1cal 
tissues is indicated by the results of numerous studies 
reported herein. ()6,42) Implants of the material into 
animal muscle tissue (7,14) and the use of N-2 to fill 
and overflll canals 1n an1mal teeth (20,24,26) have con-
firmed that severe inflammation results initially when 
the material contacts t1ssue. In t1ssue implants 1n ani-
mals the inflammation is reported to gradually decrease 
in severity and some studies have shown that the material 
is eventually encapsulated by fibrous tissue. (6,8) 
Sargent1 (98) views the 1rritab111ty of N-2 as a therapu~ 
~1c factor. 
In the 6 cases with overfilling reported here, 50% 
resulted in pain. Fistulat1on was necessary to rel1~ve 
the symptoms 1n all of these cases. Inflammation no 
doubt played a role in the cause of these symptoms. It 
1s likely that the inflammation was 1n response to the 
RC-2B material. Although none of the cases with over-
fills have failed at 6 months, there is no 1ndicat1on 
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that the presence of the material has benefited healing 
1n any way. 
Radiographic evaluation of the f1111ng material shows 
that in only l of 6 cases with overfills was there no 
change 1n the character of the filling material out s ide 
the canal. Apparently resorption of the material is occur-
ring. Some authors (57,58,60) have expressed fears as to 
the fate of the resorbed material once it is removed from 
the site of original depos1t1on, and the possibility of 
detrimental effects of the constitutents of the paste on 
other organs of the body. No such detrimental effects 
were observed in patients involved in this study, althoug h 
no specific analysis for such defects is includ e d in the 
scope of this project. 
The results indicate that fistulat1on of all gan ~r en-
ous cases as a matter of routine 1s not a necessary pro-
cedure. Only 4 of 21 gangrenous cases r equired fistu lati on 
at any time post operatively. 3 of these 4 were case s wi th 
overfills. It is suggested from the results that case s 
with large amounts of overfill will need f1stulat1on, how-
ever, one such case (Case # 24) with a larg e amount of ·mater-
ial outside the root had no such s ympto~ s . On the ba s is of 
these few cases we have observed that pain after overfillin g 
1s much less likely if the overfilling occurs in a tooth with 
radiolucency and more likely if the filling paste 1s in con tact 
with normal periapical tissues. In one failure, (Case #4 9) the 
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patient experienced constant pain at the apex of the root 
of a maxillary cuspid after the root was filled to the 
apex. No apical rad1olucency was present when this gang-
renous case was filled but an area was visible on a radio-
graph taken the day the tooth was extracted. Observation 
of the aper of this tooth under the dissecting microscope 
showed that the apical foramen of the root was well filled. 
The foramen was large and the filling material protruded 
slightly beyond the end of the root. This resulted in a 
relatively large surface of the material 1n contact with 
the periapical tissues. It 1s possible that the symptoms 
1n . this case were due only to the irritation of the filling 
material, and that it was a failure not because of in-
adequate obturat1on, but because of the lrrltant proper-
ties of the material used to fill the canal. 
The efficacy of the use of Terra-Cort~il ls not 
supported by the results of this study. As noted in the 
literature review, no proof exists that the J drugs 1n the 
Terra-Cortril remain active in mixture with the many 
chemicals of the RC-2B formula. Of the 6 ga.-.,grenous 
cases pres en ting post-op symptoms, 2 .,,,ere filled with the 
-
Terra-Cortril RC-2B paste (TCM). Of the 6 cases with 
overfill, 4 had TCM. Of those 4, J had no pain associated 
w1 th the overfill while 1 had. pain and required fistula-
tion. On the basis of this small sample, no judgements 
regarding the relationship of the use of TCM and post-op 
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pain can be made. 
There is no doubt that the time required for root 
canal treatment by the Sargenti method 1s much less than 
that required for root canal therapy by the warm gutta 
percha technique. The difference in time required be-
comes very apparent 1n teeth with more complex root canal 
systems. For predictable success 1n the warm gutta percha 
technique, teeth w1th calcified canals, dilacerated roots, 
resorptions, perforations,etc., require total cleaning 
and shaping just as does a tooth with a less complex root 
can·a1 system. In the Sargenti method, the oppos1 te ls 
generally true. It is recommended to stay short of 
curves, t.o pulp cap narrow, calcified canals and to use 
the paste to fill teeth with resorptive defects and perfor-
ations in spite of the apparent lack of obturat1on of such 
defects resulting from this procedure. It 1s expected that 
in time the cases included in this study w111 include a 
significant number of teeth in such categories as tho s e 
mentioned. In the current group ther are many gangrenous 
cases where 1t was not possible to clean to the apex for 
anatomic reasons. Two teeth with calcified canals are in-
cluded in which HC-2B was placed over the orifices of the 
canals in the pulp chambers. 
The number of cases in the initial group included 
herein does not warrent categorizing the more complex ca ses 
at this time. Of the J failures at this writing, one is a 
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molar with J canals, and two are single rooted teeth. 
(See case studies of failures) 
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II. DISCUSSION OF THE TREATMb.NT METHOD 
During the initial phase of this study, 77 teeth 
were treated over a period of 10 months. Of these, 17 
were to be extracted at various times after fillin~ and 
used in a related study of the h1stolog1c reaction of 
human pulp tissue to RC-2B fillin g material. The re-
sults of this second study which is still in progress, 
will be reported later. 
60 teeth remained and are included in the clinical 
study. Included in these cases are teeth with all kinds 
of pulpal pathology ran ~1ng from pulp exposures tone-
crosis and gangrene. The performance of N-2 treatment 
on this number of teeth enables me to make certain ob-
servations on the technique of the Sargen ti method. Re-
cognizing the limitations !~posed by the small number of 
cases treated and by the fact that they were all accomp-
lished by the same operator, th~ following observations 
are put forth as guidelines usable in the treatment of 
' 
additional cases. As the project continues, modifica-
tions will undoubtedly be added as experience with the 
technique increases. 
Care must be exercised in the selection of cases for 
inclusion in the clinical study. Many of the patients who 
present to this clinic for endodont1c therapy do so on the 
basis of a referral from their dentist or a recommendation 
fro~ some other source. One must assume that such refer-
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rals are made primarily because of the reputation of this 
clinic for high quality endodontic therapy. In li~ht of 
this, each patient and each referrin g dentist should re-
ceive an explanation of the N-2 study and of how the N-2 
technique differs in principle and progn osis from the warm 
gutta percha technique. Experience over the first 10 
months of the study has shown that the patient population 
of this clinic includes many patients who are willin g to 
participate in the study. In addition to willingness, it 
is important that the patient be one who is likely to be 
available for recall. I have excluded transients, such 
as students·, from the study because of this. In cases 
where the tooth to be treated is exceptionally strateg ic 
to the completion of other dental therapy, I have not pre-
sented the option of participating in the N-2 study to 
the patient because of the unknown factor of predictabil-
ity of success. 
Many of the patients included in this study were 
first seen on an emergency visit. While serving emergency 
duty, the doctor who 1s doing the N-2 study often has time 
to complete treatment of the less complex cases. Single 
rooted teeth in this study were treated in less than one-
half hour on the average. The placement of copper bands 
1s not part of pre-treatment for these teeth. All caries 
should be removed a.nd restoration of the tooth followin g 
treatment should be recommended to the patient. 
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Every case 1n this study was treated w1th the rubber 
dam in position. Although many proponents of the technique 
state that the dam is not necessa ry because of the anti-
bacterial action of the filling material, we consider its 
use essential in endodontics. Access was created in the 
normal manner. Instrumentation of the canals varies great-
ly from the cleaning and shaping methods used in the warm 
gutta percha technique. 
In vital teeth, when access to the pulp chamber is 
created, bleeding generally occurs and since irrigation 
is not used, visualization of the floor of the pulp cham -
ber is limited. Large round burs and sharp spoon excava-
tors are helpful ln removing the coronal pulp tissue, 
however, irrigation is sorely missed at this stag e. A 
reamer, selected to bind in the apical one-third of the 
canal, is placed into the canal and a radiog raph is taken. 
The length is adjusted to allow for the amputation of the 
pulp in the apical one-third. By twisting a reamer tha t 
is ·tight in the canal at this level the pulp can be re-
moved. This 1s generally associated with considerable 
bleeding. Additional reamers are used until the canal has 
been enlarged to at least a #5 reamer, maintaining the 
initial length. It has been our experience that with the 
exception of large ca.~als, when the size of a #5 reamer 
is reached, the bleeding 1s generally stopped and dentin 
shavings without blood stains are removed on the reamer . 
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This size constitutes adequate treatment by the Sargenti 
method and should be duplicated in the other canals of 
multirooted teeth. It was never necessary to use some 
of the N-2 filling material to aid in he~ostasis, a 
method r ec ommended by Sargent1. When all of the canals 
have been reamed in the manner described, a spiral len-
tulo is selected that will g o to the measured length with-
out binding. This 1s usually a # 1 or #2 . The N-2 ma ter-
ial is mixed to a sour cream consistency and the lentulo, 
now 1n the contra-angle handp1ece, is dipped into the 
paste. The lentulo with the paste 1s place d to the pre-
determined leng th before the engine is activated. Then 
the spiral is made to turn slowly and is withdrawn after 
the paste has spun off. This is repeated 2-J times in each 
canal with some slight up and down motion if the canal is 
sufficiently large to eliminate the possibility of the 
spiral becoming lodged 1n the narrow apical portion. Ex-
peri ence in these cases has shown that if the spiral 1s 
too tight in the canal, it will break very easily when 
the eng ine is activated. Another radiograph is taken to 
check the length and density of the material . Adjust~ 
ment should be made quickly for although the material 
doesn't set hard for hours, 1t quickly looses the sour 
cream consistency and further use of it 1n that stage 
may result in the removal of some of the caterial that 1s 
already in the canal. After the canals are filled to 
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satisfaction, a cotton pellet dampened with alcohol or 
dipped in cement powder, can be used to compress the mat-
erial in the coronal aspect of the canal s . The excess 
is then removed from the pulp chamber and a temporary res-
toration is very gently placed in the acc ess cavity. 
The majority of the gangrenous cases in this group 
were treated in one visit. These were asymptomatic teeth 
or those with minimal sensitivity to percussion and no 
supurat1on. In gangrenous cases, access is created and 
reamers are placed in the canals close to the apex if 
possible or to a curve or obstruction. The canals are en-
larged to at least a #5 reamer to the predetermined 
length. Here, as in vital teeth, irrigation is not us ed . 
One should not attempt to remove necrotic debris around 
curves or in blocked canals as the Sargenti theory of the 
far reaching effect of the formaldehyde gas.should apply 
in such situations. If the tooth remains asymptomatic 
after the canals are reamed, filling should be accomplish-
ed at that visit. The filling material should be preparect 
as it 1s for vital cases with the excepti on that two drops 
of Terra-Cortr11 Eye/Ear suspension are added to the mix-
ture for every one drop of eugenol or RC-2B liquid. This 
creates the TCM paste. TCM was not used 1n all of the 
gangrenous cases 1n this group. It may be of value to ex-
clude TCM from a portion of all gangrenous cases treated 
in ordP~ t , ·ake comparisons later and to possibly evalu-
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ate the role of the TCM 1n the post-operative course of 
gangrenous cases. 
By filling a nu~ber of extracted teeth with the 
RC-2B paste using a spiral lentulo, it has been observe 
that extrusion of the material beyond the apex is difficult 
to avoid. In extracted teeth with the apicies opened to a 
#J reamer, the material shoots out of the apex with the 
engine running at moderate speeds. Reinforcing this ob-
servation is the fact that overfilling was not an uncom-
mon occurrence in the gangrenous cases included in this 
study. In larg e canals such as the palatal roots of 
maxillary molars it is difficult to contain the material 
in the canal if the canal has been reaI!led_ to the apex 
and if one is attempting to fill to the apex. Because 
the paste does not set rapidly in the canal, overfilling 
can also occur when moderate pressure is applied in the 
chamber with a cotton pellet or when the temporary res-
toration is placed. 
Several gangrenous cases were treated in multiple 
visits, Most of these cases were treated early in the 
project and as we gained more experience with the techni-
que, fewer were done in this manner. Only gangrenous 
teeth with moderate or greater pain to percussion, swell-
ing or other acute symptoms were treated by the multiple 
visit method outlined by Sarger.ti. 
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F1stulation is recommended by Sargent1 for all gan-
grenous cases. Up to this point in the stu y, no cases 
have been fistulated at the tice of treatment. If the 
patient reported swelling and/or pain after the fillin g 
appointment, f1stulat1on was performed at that time, 
We have found that the Sargent1 fistulating instru-
ment is not an improvement over the other instruments 
available for this procedure. Generally a strai ght surgi-
cal blade proved more useful. The use of the Sargenti 
bur can result in a larger and more ragged wound than 
1s necessary. Also, the bur tends to wrap the alveolar 
mucosa around itself (in much the same way that a bur be-
comes wrapped into rubber da~ caterial) if the bur oes 
not penetrate the mucosa at first contact. If this occurs, 
the epithelial covering of the mucosa is strippe d off" and 
a large wound results. 
Breakage of the spiral lentulos in the canals during 
f1111ng was a problem initially. There are two guidelines 
to use to avoid this problem. First, all cana ls should be 
prepared to at least a #5 reamer and a spiral of size # 1 
or #2 should be selected and carefully measured to the 
depth of preparation. Second, the motion for f1111n g 
with the spiral should be to place the lentulo to the 1n-
d1cated depth before starting the engine and then the in-
strument should be slowly dra,m up in the canal while it 
is turning. Not until you are sure that the spiral is a b-
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solutely free in the canal should it be cade to go up 
and down in the canal and 1 t should never be turning 
while going do1·m the canal for the first ti~e. 
Hadiographs of teeth included in the study show the 
rad1opacity of the RC-2B filling material to be similar to 
that of gutta percha. The degree of radiopacity of this 
material depends on the amount of powder incorporated in-
to the mix. As can be seen by the foroula for the RC-2B 
the powder contains many constituents that are r a diopaque. 
We have been able to achieve a dense filling by mixin g the 
paste to a sour creao consistency and enterin g the canal 
with the paste on the lentulo about three tioe s . Sar gen t l 
(99) notes that it is not mandatory to have a compa c t 
root canal filling because the sealer has a lasting ant i-
cicrobic po\'1er and a far reaching antibacterial action. 
He states, "Traces of the antiseptic seal er a.re already 
able to insure abacterial environment within the canal 
and allow the success of the treatcent." 
To observe more closely the characteristics of the 
filling paste after it has set in the root canal, the 
canals of a number of extracted human teeth \-rere prepared 
1n the same manner as the teeth included in the clinical 
study were prepared. They were then filled with t h e RC-
2B paste and stored in 10% formalin for 2 weeks to allow 
for adequate set of the paste. They were then centri-
fuged in red ink and subsequently cleared by passing 
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through a series of chemicals. This process has no effect 
on the material within the root canal system. The centri-
fuge forces the 1nk 1nto any unfilled portion of the root 
canal system that communicates to the outside urface of 
the root. When the teeth are cleared by this process, they 
are totally transparent. It is possible to see the por-
tion of the system that was not filled by the filling 
material, since it is now filled with red ink. The sur-
face characteristics of the paste can be seen and the de-
gree to which the material obturated t he space that 1t 
occupies can be determined. Thi s entire process includ-
ing the centrifug in with ink and the clearing process is 
done according to a method developed by Bloom and West.(100) 
When the cleared teeth were examined, the followin g 
observa tions were made . 
1. The paste apparently coats the wall ~f the pre-
pared section of the canals although it 1s not 
uniformily smooth and there are irregularities 
on the surface of the material. 
2. Radiographs of the teeth taken from buccal-
lingual and mes ial-dlstal d irect ions show 
that many voids exist in the mass of material. 
J. The paste er1ters into large irregular areas in 
the canals but there was no material seen in 
any lateral canals, fins or the smaller apical 
areas of the prepared canals. 
4. The i nk was seen 1n the unfilled apical areas 
but was not seen to pass beyond the point of 
first contact w1th the filling material . Nor 
was the ink seen to penetrate into the paste 
itself. This could be the result of obtura-
tion at this level by a plug of dentin mud, 
since no irrigation was used during the ream-
ing , or 1t could be due to ob turation at this 
-68-
level by the filling material. 
5. Further investi gati on of the sealing proper-
ties of the RC-23 aterial is needed. 
The availability of patients for recall ls essential 
1f some value is to come from this study. As mentioned, 
patients should be selected who are 11~ely to be living 
1n the area for some time. E.qually important is the es-
tabl ishment of a rapport with the patient at the time of 
the initial treatment. We have stressed to each patient 
that this study is not an experiment , but an evaluation 
of the success rate of an alternative method of root · 
canal treatment tha t 1s used by many dentists every day . 
we have explained their role as that of a contribut or to 
better understanding of dental science. we have expla.ine 
the fee reduction as compensation for their- future co-
operation in the evaluation of the cas es. Each patient 
has been made aware of how to contact one of the operators at 
all times so that we are more likely to become aware of any 
problems that the patient may have with the tooth either 
immediately post-operatively or at some time in the futur e . 
For whatever the reason, all but J of the 46 teeth due for 




The Sargenti methon of root canal therapy is the 
object of considerabl e controversy and disagree~ent 
within dentistry today . An extensive revi e\>1 of the 
literature reveals that the available data does not sup-
port the empirical claims of Sargenti and other propon-
ents. No proof exists in the literature which confirms 
the predictability of the !'ormation of the "sclerotic 
zone", the maintainence of pulpal vitality under the 
RC-2B fillin g material, the long lastin g antibacterial 
effect of the fillin g material, the production of and 
the far reachin g antibacterial effect of the paraformalde-
hyd e: gas in g·angrenous cases, the safety and efficacy of 
the chemicals comprisin g RC -2~ f ormula , and the safety 
and efficacy of the TCM material. In addition, no well 
document ed clinical stud ie s are available fro~ which a 
valid assesment of success rates can be made • 
• 
A project has been designed that includes lon ~ term 
clinical evaluation of the Sargenti technique and labora-
tory investi gat ion of the properties of the ~aterial. 
This paper compri ses the initial phase of the study. In-
cluded is a detailed account of th·e Sar ent1 method of 
root canal treatment and modifications of the technique 
and the project de sign sugges ted by the author after ex-
perience with nearly 80 clinical cases. 4J of these 
cases have been recalled for clinical and r a~ iographic 
examination at 6 months . These res lts along wlth case 
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studies. details of post operative sympto~a tology. conse-
quences of . overfilling , and many other observa tions on 
the method of treatment are i ncluded. A pilot investi ga -
tion into the characteristics of the seal produced when 
the material 1s used to fill canals 1n extracted teeth is 
also included. 
The results reported herein indicate the need for 
continuation of this project to increase the sample popu-
lation. to continue observation of the completed cases. 
and to continue t ~e invest1 gu t1on cf th properties of 




1. The biolog ic concepts of the Sargent1 me thod of 
root canal therapy are not supported by the avail-
able literature. 
2. The claims of high success rates w1th the Sargent1 
technique are not supported by the available liter-
ature. 
J. A well controlled long term clinical study is need-
ed to aid in the evaluation of this method of treat-
ment and to establish valid success rates for th1s 
method of treatment. 
4. Such a study has been designed, initi a ted and will 
be continu ed in the clinic of the Boston University 
School of Graduate Dentistry. 
5. The 1nit1al group of 77 cases, 4J of wnich have been 
recalled at 6 months or longer, 1s too small and of 
too short a term to use in making ju1gements concern-
ing success rates. 
6. Information gained from the complet ion of this 1n1-
t1a~ group of cases 1s useful in the alteration of 
the proj e ct design. 
7, Observations on so~e aspects of the Sargenti method 
can be made on the basis of experience gained from 
the treatment of the cases in this initial group. 
-74.;. 
A. In vital cases, filled with the RC-2B 
paste, post operative pain is rare. 
B. In gangrenous cases, fistula t ion is not 
routinely necessary immediately after fil-
ling, but 1s required at some time after 
completion, in a significant number of 
cases. 
c. Control of the RC-2B paste in the canals 
of gangrenous teeth is difficult and over-
filling 1s not uncommon. 
• 
D. Overfilling can easily result from the 
pressure of the placement of a temporary 
restoration in the access cav ity . 
E. Cases with moderate to lar~e amounts of 
overfilling are likely to have severe pin 
and swelling at some time postoperatively. 
F. Radiog raphic evidence of resorption of the 
paste within the canal was no t evident at · 
6 months. 
G. Radiographic evidence of a change in the 
amount, density or position of RC-2B paste 
beyond the apical fo ra~en was evident in 
most cases with overfill at 6 months. 
H. The rad1opacity of the material in canal s 
can be very similar to that of gu tta percha . 
Radiographs of extracted teeth filled 
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with the paste show many voids in the mass of 
the material in the canal. 
I. A pilot investigation of the sealing proper-
ties of the paste in cleared extracted human 
teeth showed that no penetration or ink occurr-
ed beyond the level or the paste in the canal. 
J. Removal of the RC-2B filling material from the 
canal of a symptomatic tooth can result in ex-
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RESULTS OF CLINICAL EXAMINATION 
6 MONTHS 
TOTAL CASES RECALLED 
VITAL CASES 
ASYMPTOMATlC AT RECALL 
SYMPTOMATI C AT RECALL 
POST OPERATIVE SY~PTOMS REPORTED 
GANGRENOUS CASES 
ASYMPTOMATIC AT R~CALL 
SYMPTOMATIC AT RECAI,L 














TA:3LE I I 
"' ,,., \L C.,. ..... , .... .H~CALL,2;D 4J - .; _ .~ J 
VITAL CA r.;J 2~ 
SUCCASS 14 
CONDI TI er AL .... u ,.. ,., -=' s . ;) ..., .... .,...) 8 
FAILU RE 0 
GANG ~ai.ous CASi;S 2 1 
::>U CC ~SS 7 
CONDITIONAL '"'UC - ... -v ~u..:, 11 




PULP~AL CONJI'ri vI 0:- VITAI, CA . ~3 .t... 
TIME OF FILLING 
TOTAL VITAL CASES 22 
UNCONTAMINATED PULP EXPOSURES 0 
CARIOUS EXPOSUn~S 8 
TRAUMATI C EXPOSURES 1 
FOLLOWI NG CR~9ATIN PULPOTO~Y 5 
PULPITIS - J 
. 
HYPERPLASTIC PULPITIS 2 
SUPPURATIVE PULPITIS 0 





TA:9L E IV 
CLINICAL SYMPTOMS OF GANGREl'OUS CASES AT TIME 
OF FILLING 
TOTAL GANGR :cus CAS ~S 
CONDITION AT FILLING APPOINTMENTs 
CLOS~D/ASYMPTOMATIC 
CL0S.c.D/SYMPTO!'t1ATIC 
OP.cN/ ASYf· PTOMATIC 
CPEN/SYMPTOMATIC 
RADICGRAPHIC EVID~CE OF PERIAPICAL 
PATHOLOGY 
ONE VISIT CAS.'.:,S 
OVERFILLS 
FISTULATIONS: 
AT TI M~ OF FILLING 











TABLE ·V - '=-----
SUM~tARY OF CAScS PR~SENTIJG POST-OP~RATIVt 
SYMPTOMS ( ALL GANGRENOUS) 
TOTA!., 
CASE; NUMBi.:R 
CONDI 'rioN AT FILL 
CLOS.C:D/ASY PTO . 
CL 03.'.:.D/SYMFTO. 
OP .6!I / ASY · .PTO 
OP il'~ / SYtPTO 
CV c.'lFILLING 
TCM 
FISTULATI N AT 
TI ~1IE OF FILLING 
FI S'rDLATI ON AT 
TIME OF SYMPTOMS 
" 
CLINI CAL EVAL-
UATICN AT 6 
MONTH CH~CK-UP 
RADI OG RJ.P HI C EVAL-
UATICN AT 6 
MONTH CH.:CK-UP 
A-- - ASYV.PT MATIC 







29 J2 46 48 49 
X 
X 




X X X 
A F SY A SY 
cs F F cs F 
S--- SUCC ES S 






RESULTS CF RADIOGRAPHIC EVALUATION OF RC-2B 
FILL I NG MAT~RIAL AT SIX MONTHS 
TOTAL CASES R.c.CALLED 
CAN AL FILLING . 
NO CHANG~ 4J 
DECREASED L~GTH 0 
DECREAS cD D SITY 0 
OVr..RFILLINGS 6 
NO CHANGt 1 
DECRi::ASED D.2NSITY 4 
DECRE.AS ...,D Ai.-:OUNT J 





SU~MARY CF CLINICAL COURSE OF CASES WITH 
OVERFILLING 
TOTAI, 
CASE NUMBErt 17 24 29 36 38 
VITAL 
GANGRiliOUS X X X X X 
OCCURRED DURING 
FILLING X X 
OCCURRBD FROM 
PLACi::MEN T OF Ti.J~P . 
R£STORATI C X X X . 
TCM X X X X . 
PAIN: X X 
AT TIMI'.. OF OVZR-
FILL X X 
I M!v: ED. AFTER 
VI SIT X 
SUBS~QUilJTL Y X X 
X-RAY AT 6 MCN THS: . 
DECRE.;ASED Dfill SITY X X X 
D.c..CR3ASED AMOUNT X X 














Figure 1. Sargenti Textbook (1973) 
Figure 2. Prescription Form for RC-2B Powder 
CITY---------
ZIP CODE--------
A.0 A NO. _____ _ 
PLEASE SENO_ ORDEFIS OF RC 29 PORMULA AFTEII SAIIGINTI 
•For''"' ,._,..la110nal.i Off• U.. Onlyl 
4 CIOiii n_._ 01oai. 3..00lli ...._ 1u1fa1e 
I.IOS .... ror ....... .- 4.0Cl'lli -111 ....,_ 
I CIOiii ~ le "'""- I I CIOiii LNd Tetr0al* Om..,.___ 1-211" H.,-.-
11 CIOiii ZiN: Oaldt 0.21• ,,__ ~ b\t -.,.ti 
IN ADDITION PLEASE AOO THE POLLOWING ITEMI TO MY OIIDEII · 
- IC>TTLEI TEIIIIA COIITIIIL IP"'ZIIII 
- IC>TTLU OXYCEL. COTTON TY'E CPAIIICE.OAVIII 
s.inn--------------
-94-· 
Figure 3. RC-2B Powder 
Figure 4. RC-2B Liquid 

-95-
Figure 5. Terra-Cortril Eye/Ear Suspension (Pfizer) 




~: Ii ',ri • 
'I i 
. -· -- . --• ... .. ~:.< .... ..,, • _-.. 
-96~ 
Figure?. Mixing Pad with RC-2B Powder, RC-2B Liquid 
(top) and Terra-Cortril Eye/Ear Suspension 
I 
(bottom). 
Figure 8. Powder and Liquids Mixed to a Sour Cream 
Consistency to Form the TCM Paste. 
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Figure 9. Lentulo with TCM Filling Paste 
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Figure 10. Clinical Evaluation Form 
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Figure 11. Radiographic Evaluation Form 
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hADICGBAPHIC ~VALUATICN 
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Figure 12. Patient Consent · Form 
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INFORUED CONSENT FOR N-2 CASES 
I consent to participate in an experimental study 
which is designed to determine the success rate of the 
N-2 method of root canal therapy. 
I understand that this material has been used in 
root canal therapy for over 15 years and that thousands 
of successful N-2 cases have been completed. I also 
understand that no success rate for this technique 
has been established and that. no claims for the success 
rate of this technique have been made to me. 
I am fully aware that this is an experimental 
study. I understand that the treatment will be carried 
out by an experienced operator using the recornroended 
N-2 techniques. 
I also agree, if at all possible. to return to 
this clinic at six month intervals for the purpose of 
evaluation of the success of the case. I under-
stand that in return for my participation in this 
study, I have been given a reduction from the normal 
fee. 
I have been given the opportunity to ask questions 










A 25 year old female presented with an acute al-
veolar abcess on 7/17/74. The mandibular r1ght 2nd bi-
cuspid was the cause and that tooth was opened for drain-
age at that visit. The patient returned 8/1/74, the 
tooth was asymptomatic, it was reamed to the apex and 
filled with RC-2B. On 11/22/74 the patient returned with 
a complaint of gradually 1ncreas1ng pa1n in the area of 
this tooth. It was found to be sensitive to percussion. 
No treatcent was performed at that time. On 1/28/75 the 
patient returned with severe pain to percussion and con-
stant throbbing. The RC-2B filling material was very 
gently removed from the canal w1th reamers and copious 
NaOCl irrigation. For 4 days after, the patient had 
severe pain, described by her as the worst pain she had 
ever experienced. She was not able to sleep and Percoda~ 
was not adequate to relieve the pain. The tooth was open 
for this entire period and on each day the patient was 
seen and the tooth was 1rrigated. On 2/11/75 the patient 
reported that the pain was reduced to a mild ache. On 
2/25/75 the pain was almost gone and the patient was ap-







A Jl year old female presente with pain 1n the man -
dibular left 2nd molar on 5/24/74. Re~oval of caries re-
sulted 1n a carious exposure and a Cresatin pulpoto:ny ~-;as 
done. The patient returned with pal~ on 9/12/74 and a 
pulpectomy wa.s performed and a Cresatin pellet placed 1n 
the pulp chamber. On 10/7/74 the too th was asymp tomatic, 
there was necrotic tissue in the meslal canals and a peri-
ap1cal rad1olucency was visible on n r ad 1ograph. The 
tooth was treated as a gangrenous too t h an d J canals were 
filled as close as possible to the apex with th e hC - 2B 
paste. The patient was recall ed on J/4/75 . Sh e 1eported 
occasional slight pain in the tooth. Radio~raphs revealed 
that the per1ap1cal rad1olucency had increased 1n s1ze s ince 
the treatment was completed. The pati ent wns appointed for 






Case #49 s 
A 6J year old male presented on 4/28/74 with pain 
1n the maxillary right cuspid . The tooth was found to 
have a carious exposure and a Cre sat1n pulpotomy was done. 
The patient returned 5/24/74 with pa1n and swelling 1n 
the same area and the tooth was opened for drainage. 
6/26/74 the tooth was asymptomatic with no evidence of 
a periap1cal radiolucency. The tooth was treate~ as a 
gangrenous case, reamed to the apex and filled to the 
apex with TCM. The patient reported moderate pain for 
6 days after th1s treatment. On 7/2/74 he presented with 
, pain and swelling 1n the area of the apex of th1s cuspid . 
Fistulation with the Sargent1 instrument was performed at 
that time. The swelling decreased after that v1s1t but 
pain continued .• The tooth was always sen s itive to per-
cussion and to palpation over the apex. At 6 month re-
call a small per1~p1cal rad1olucency was v1s1ble on th e 
rad1ograph . The tooth was extracted at the pat1ent's re- · 
quest on 1/7/75. Observation of the tooth under the dis-
secting mi croscope shoKed the apical fora~en to be large 






CASES WITH OVERFILL 
-11)-
Case #17: 
A 25 year old female presented with a gangrenous 
maxillary left 1st molar. J root canal s were reamed and 
filled with the RC-2B material. A mode rate amount of 
overfill occurred at the apex of the palatal root. 
The patient felt pain at the time of the overfill. She 
returned 6 day s later with pain and swelling of the 
palate next to this tooth. An incision was made with 
a Bard-Parker blade and some of the excess filling mater-
ial was removed with a curette. The patient was wi t out 
symptoms after th1s procedure. At 6 ~onth r ecall the 
tooth was clinically and r ad 1og raph1cally successful . Re -







6 DAYS POST-0:P 
AFT:C.R I&D AJJD 
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A 16 year old female presented with an asymptoma tic 
gangrenous maxillary left 1st b1cusp1~. A large rad1oluc-
ency was seen on the radiograph. 1 hc canal was reamed and 
filled to the apex with TCM paste. A large amount of 
overfill resulted. No symptoms occurred at any time sub-
sequent to filling. At 6 month recall the area was decreas-
ed 1n size and the mass of overfillc material was st111 




DAY OF FILLING 
I 
6 MONTH RECALL 
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Case #291 
A JO year old female presented with a gangrenous 
mandibular left 1st bicuspid. The tooth was r eamed 
and filled to the apex with TCM. A moderate amount of 
overfill occurred when the tempor a ry ~1111ng w s plac-
ed. The patient felt some pain when this happened but 
became asymptomatic after the trea tm en t . 1 month later 
she returned with severe pa1n and moderate swelling 
which had developed rapidly. An incision and drainage 
was performed and ant1b1ot1cs were prescribed. The 
patients symptoms did not recur and at 6 month recall 
the tooth was asymptomatic. 
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DAY OF FILLI G 
I 
I 
6 MONTH Ri;CALI 
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Case #36 & #)81 
A 20 year old female prese,1ted requiring root can 1 
therapy for the maxillary ri ght lateral incisor and the 
mandibular left late ral incisor. Both teeth were gan re-
nous and both had per1ap1cal rad1olucenc1es. Both were 
reamed and filled to the apex with TCM. A slight over-
filling resul t ing from placement of the temporary fill1n g 
occurred in both. No symptoms r e sulted at the time of 
treatment or at any time thereafter. A 6 month recall 
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CASE # J8 
PRE - OP 
-
POST - OP 
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Case 1/48, 
A 61 year old male presented w1th an asyrr.pto:nat1c 
maxillary left 2nd molar. J canals were reamed and fil-
led w1th the iiC-2B paste. Overfilling occurred on the 
palatal canal. The patient began to experience pain 
soon after the v1s1t. The pain was moderate for 2 days 
and gradually began to decrease in severity. 6 days af-
ter the filling appointment, the patient r e turned with 
moderate swelling which began 2 days previously. F1s-
tulat1on en the buccal of the molar provided relief and 
the· patients symptom·s did not return. At 6 month reca l l 
the tooth was asympt omatic and evid ence of resorpti on of 
the excess material was seen on the radiographs . 
... 
• ' ./ t . 
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DAY CF FILLI!·c 
6 MOrTH Rl!;CALL 
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EXAMPLI!:S OF GANGR2..10US 
CASES 
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DAY OF FILLING 
I 
6 MOJTH RB:CALL 
DAY OF FILLI~JG 
-
6 fi!ONTH RcCALL 
-
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EXAr.PLES OF VITAL 
CASr.S 
CASE II 7 AT 6 
MONTH RECALL 
CASi # 8 AT DAY 




CAS~ # 9&1 0 A'J.1 
6 MCNTP. RECALL 






EU~:AN TE~TH FILLED 
WITH RC-2B 
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